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Question 6 


Intent of Question 





The primary goals of this question were to assess a student’s ability to (1) describe how sample data would 
differ using two different sampling methods; (2) describe the sampling distribution of the sample mean for 
two different sampling methods; and (3) choose the sampling method that will result in the best estimate 
of the population mean. 


Solution 
Part (a): 
No, a sample obtained using Method 2 will not be representative of all tortillas made that day. The 


sample obtained using Method 2 will only represent the tortillas from one production line, not from the 
entire population because the distributions of diameters for the two production lines are different. 


Part (b): 
Method 1 was most likely used to select this sample. The bimodal shape in the histogram of sample 
data indicates that tortillas were selected from both production lines, which is what would happen 


using Method 1. Method 2 would be likely to produce a unimodal distribution of diameters centered at 
either 5.9 inches or 6.1 inches. 


Part (c): 
Method 2 would result in less variability in the sample of 200 tortillas on a given day because the 
sample comes from only one production line. Because the distributions of diameters are not the same 
for the two production lines, selecting tortillas from both lines as in Method 1 would result in more 
variable sample data. 


Part (d): 


The sampling distribution of the sample mean diameter for samples obtained using Method 1 would be 





approximately normal with mean 6 inches and standard deviation oa = 0.0078 inch. 


4200 
Part (e): 


Method 1 would result in less variability in the sample means over the 365 days, because with Method 
2, roughly half of the sample means will be around 5.9 inches and the other half will be around 6.1 
inches. With Method 1, however, the sample means will all be very close to 6 inches, as indicated by 
the standard deviation in part (d). 


Part (f): 


Method 1 is more likely to produce a sample mean close to 6 inches. Because the sample mean is an 
unbiased estimator for both methods, the manager should pick the method that would result in less 
variability in the distribution of the sample mean. Based on the answer to part (e), Method 1 results in 
less variability in the distribution of the sample mean. 
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Question 6 (continued) 


Scoring 


This question is scored in three sections. Section 1 consists of parts (a), (b), and (c), section 2 
consists of part (d), and section 3 consists of parts (e) and (f). Sections 1, 2, and 3 are scored as 
essentially correct (E), partially correct (P), or incorrect (I). 


Section 1 is scored as follows: 


Essentially correct (E) if the response includes the following three components: 

1. In part (a) the response says no AND either argues that the sample will only be selected from 
one production line and not the entire population (that is, the sample will only represent one 
production line) OR argues that the tortillas from the two productions lines are different. 

2. In part (b) the response chooses Method 1 AND refers to a relevant characteristic of the 
histogram (shape, center, or variability) that matches what would be expected when using 
Method 1 (or that does not match what would be expected when using Method 2). 

3. In part (c) the response chooses Method 2 AND either justifies by stating that the sample 
comes from only one production line (does not come from both production lines) OR justifies by 
comparing the possible range of diameters for the two methods. 


Partially correct (P) if the response includes only two of the three components. 
Incorrect (I) if the response includes at most one of the three components. 


Note: If a response includes more than one justification in an individual part, score the weaker of the 
two justifications. For example, a response for part (a) that says “No, because only one line was 
selected and because the sample size was too small” does not satisfy the first component because the 
sample size argument is incorrect. 


Section 2 is scored as follows: 


Essentially correct (E) if the response includes the following three components: 
1. The shape is approximately normal. 
2. The mean is 6 inches. 


V¥200 





3. The standard deviation is inch. 





Partially correct (P) if the response includes only two of the three components. 
Incorrect (I) if the response includes at most one of the three components. 
Note: It is not necessary to include units (inches) for the mean or standard deviation. 
Section 3 is scored as follows: 
Essentially correct (E) if the response includes the following two components: 
1. In part (e) the response chooses Method 1 AND describes the sampling distribution of the 
sample mean for Method 2 as having some sample means close to the mean of production 


line A (5.9 inches) and the other sample means close to the mean of production line B 
(6.1 inches). 
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Question 6 (continued) 


2. In part (f) the response chooses Method 1 AND 
= refers to a correct answer in part (e); 
OR 
=" describes the sampling distribution of the sample mean for Method 2 as having some 
sample means close to the mean of production line A (5.9, less than 6) and the other 
sample means close to the mean of production line B (6.1, greater than 6); 
OR 
=" argues that on a single day, it would be preferable to get a sample with a mean around 
6 rather than getting a sample that would have a mean around 5.9 (less than 6) or a 
mean around 6.1 (greater than 6). 


Partially correct (P) if the response includes one of the two components. 
Incorrect (I) if the response does not meet the criteria for E or P. 


Notes: 
e In part (e), the response must be clear that there is more than one mean being described 
(365 sample means). 
o Correct: The sample means will be around 5.9 or 6.1. 
o Not correct: The sample mean will be around 5.9 or 6.1. 


e Parts (e) and (f) are not satisfied if the response does not imply the sample means vary from the 
population means in both methods (or does not imply that the sample mean varies from the 
population mean when making the single day argument in part (f)). However, if the mistake is 
made in part (e), do not penalize the response in part (f) for the same mistake. 

o Correct: The sample means will be around 5.9 or 6.1 instead of close to 6. 
o Not correct: The sample means will be 5.9 or 6.1 instead of close to 6. 
o Not correct: The sample means will be 6 instead of around 5.9 or 6.1. 





4 Complete Response 

All three sections essentially correct 
3 Substantial Response 

Two sections essentially correct and one section partially correct 
2 Developing Response 


Two sections essentially correct and one section incorrect 


OR 
One section essentially correct and either one or two sections partially correct 
OR 
All three sections partially correct 
1 Minimal Response 
One section essentially correct and two sections incorrect 
OR 


Two sections partially correct and one section incorrect 
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(a) Will a sample obtained using Method 2 be representative of the population of all tortillas made that day, 
with respect to the diameters of the tortillas? Explain why or why not. 


ho. Method 2 cubes rom Selecthon bias because the sample on wot be 
obtain ed from she enti popmiation oi toctilas, and the totllat that are 


hol Sawn pled tom will tend to ave a AHerent diameter, 


(b) The figure below is a histogram of 200 diameters obtained by using one of the two sampling methods 
described. Considering the shape of the histogram, explain which method, Method 1 or Method 2, was most 


likely used to obtain a such a sample. 


10 


Number of Tortillas 





5.775 5.850 5.925 6.000 6.075 6.150 6.225 

Y\tthod \ Diameter (inches) 

THE histogiom WS bimodal, with a peak 04254 and a ¢eak atyb.\ inches , 
THis means Ane sample was Likely ordained tom both Production hnes, 





0} Method |, 


ee GO ON TO THE NEXT PAGE. 
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(c) Which of the two sampling methods, Method 1 or Method 2, will result in less variability in the diameters of 
the 200 tortillas in the sample on a given day? Explain. 


Method2. Because Method 2 obraity WE Samprl from just ond 
production ney Hu Sample will only have one peak, 
ross bl toca white Method will pave 2 peaks Thus , 
Wetho dl Lala Heth od 2 famae Method 2 produces Samp\(s with smaller soitads/ 


standard eviatons. 


b. 5.4 0° 6.) 


Each day, the distribution of the 200,000 tortillas made that day has mean diameter 6 inches with standard 
deviation 0.11 inch. 


(d) For samples of size 200 taken from one day’s production, describe the sampling distribution of the sample 
mean diameter for samples that are obtained using Method 1. 


— Becau i n=200240 yw central Lim\} 
MEOLEM SoySthat the Sampling qAistihation 
will be 4p POXIMAT Ely No(ma|. 

—~ The mean of the Sang lng ASA edu 00) 
1S (qual +0 He po pulactian Mean 


ae EA, On hard Ol ev ation v. 


~~ Z = 0. 
i Vn 200. = 0.00776 in 





5.184 BAIZin Go. b.pdhin b.alb in 
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(e) Suppose that one of the two sampling methods will be selected and used every day for one year (365 days). 
The sample mean of the 200 diameters will be recorded each day. Which of the two methods will result in 
less variability in the distribution of the 365 sample means? Explain. 


Atthod |. The Som yling distribution tor Wethod 2 i bimodal, with a peak 
0+ 5A and a peak at olin, because +r 
Aethodl Sam ehng A\dainution cumple S have means (lose to either gl these two 
values, This mesuls \0 much git ater variably 


ll Samole means than 4hl unimodal Mtthed \ 


4.0 


Meinod 2 sampling Arst bation SAingling A\sdrib ution. 


54 61 


(f) A government inspector will visit the facility on June 22 to observe the sampling and to determine if the 
factory is in compliance with the advertised mean diameter of 6 inches. The manager knows that, with both 
sampling methods, the sample mean is an unbiased estimator of the population mean. However, the manager 
is unsure which method is more likely to produce a sample mean that is close to 6 inches on the day of 
sampling. Based on your previous answers, which of the two sampling methods, Method 1| or Method 2, is 
more likely to produce a sample mean close to 6 inches? Explain. 


Wet od ) 


Wathod 2s likely +0 produce a —SAmpie_m ean clo St 40 eithey G4 inches or 6.1 inches, 
depending vn HM chosen produ ction ing Wut rey close to 6.0 inches. Method | pte 


felects tortillas trom goth production nes, So +e todilg diameter *ndS 


{0 AVOraKe out very close +) 6.0 inches. 
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(a) Willa sample obtained using Method 2 be representative of the population of all tortillas made that day, 
with respect to the diameters of the tortillas? Explain why or why not. 


Méthod 2 will noF produce « sample that is 
vepresent ative of the po put ation of |) 
Appillas made that day vecause fe fae the. 
Gip|e 1s tafecn, ony 4. of the 2 production 
lines i5 ected . Go the data from 
Method 2 wowta ov provide in fer ination | 
ON the tortilla dianwicrs of thet oclected pena 
(b) The figure below is a histogram of 200 diameters obtained by using one of the two sampling methods 


described. Considering the shape of the histogram, explain which method, Method | or Method 2, was most 
likely used to obtain a such a sample. 


Number of Tortillas 





5.7715 5.850/5.925 6.000 6.07% 
4 Diameter (inches) MG. | 


Muthod | was most likey used because 
tne nistoqram dis plays 2 apparent peaks — 
onecmteved whout G5 Ainchts and another 
centeved about G. | inches. Poth cf these 
diameters gro the popufation micans for 
production jincs A and B, ycspectively. This 


qnows that oth production jincs had to be 
iIndudta, Which wi ans Method 2 was not 


Used. 
any pet ee eee ee: GO ON TO THE NEXT PAGE. 
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(c) Which of the two sampling methods, Method | or Method 2, will result in less variability in the diameters of 
the 200 tortillas in the sample on a given day? Explain. 


Mithod 2 would vesult in 1£55 yaviatilit 

In the diameters of the tortillas be cause 
Méthod 7 involves aaverp ling tovhilag from 
my) one of the productivn fincs. [oti lias 
fom avw productun tine will yavy le55 than 
fovrilas from beth production tines ble 

+ avtilas firm one production lirue will bo mre 


gimilar in diameter to cachothtr. 
fA 
Each day, D distribution of the 200,000 tortillas made that day has mean diamete(6 aches with standard 


deviatio inch. 4a 


(d) For samples of siz&Q00 taken from one day’s production, describe the sampling distribution of the sample 
mean diameter for samples that are obtained using Method 1. 


The sampling distribution cf the 
gampls mean Ajamttter fo, gamples cbtaincd 


using MOthed 1 will havo a moan of 

WV inches and a standard deviation cf 

0. 001118 inches (00, 000 2 10 (200) v). The aump ling 
Jistvivution will be Novmale distnbuged 

hecavse wy dhe Central Virmit Theevem, 

pe oample Giz of 200 15 | avge tnough. (200230) 


0.11 
peas 


AD00 
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(e) Suppose that one of the two sampling methods will be selected and used every day for one year (365 days). 


The sample mean of the 200 diameters will be recorded each day. Which of the two methods will result in 
less variability in the distribution of the 365 sample means? Explain. 


Mithod 2 with vesvut in 655 vai wnility n 
the distvibution of the AUS Ganrple means 
st MiLthe inv ila from one 
because M44 1 2 involves Gamepling j 
In’ of {je produchin Hues . ‘7 out nt made trum 
(vu pro (uction {end to pe mre gumnay in diameter 
4o eacn other. rere fae, Method 2 would produce 
1495 variatle sample mcans and jess 
variant overall, 

(f) A government inspector will visit the facility on June 22 to observe the sampling and to determine if the 
factory is in compliance with the advertised mean diameter of 6 inches. The manager knows that, with both 
sampling methods, the sample mean is an unbiased estimator of the population mean. However, the manager 
is unsure which method is more likely to produce a sample mean that is close to 6 inches on the day of 


sampling. Based on your previous answers, which of the two sampling methods, Method 1 or Method 2, is 
more likely to produce a sample mean close to 6 inches? Explain. 


Method | i¢ mne likely +0 produce a sainiple 

mean close to UW Inches \ecause Method | 

involves Sampling fom -both pwductun lines 

and as shown in ihe histogram of part b, 

tre will bo 2 apparent peas in the 
Vigtoyvam— ove about 5-4 In. and another 
ahout (c. | in. With these 2 apparent peaks, 

the oamp le mean will pe roughly ee _ 

average of SA and | at about (6 in, which Is 
the fucived Gaynple wan. Method 2 would most tileedy 

provide a Gample wean oser to $4 in. ov +o ele | 

ble it only qolers measurements from 1 production line. 
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(a) Will a sample obtained using Method 2 be representative of the population of all tortillas ree that day, 
with respect to the diameters of the tortillas? Explain why or why not. 


No, Method 9 with ye representative Of Lye Population 
oe torrilaS at he Ov WUCKION line Anak 1S Pictced. Becarxe 


Method Qa uses ma one production ne that ditfecs from the 
meer chamecer 
O4rer produ ckioN Key Ore resoitts in Metnod ae Wold = 


produce pesvl&s Hak cegcesen PS educhion Vine BK cond RB 


(b) The figure below is a histogram of 200 diameters obtained by using one of the two sampling methods 
described. Considering the shape of the histogram, explain which method, Method 1 or Method 2, was most ! 
likely used to obtain a such a sample. 
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Number of Tortillas 
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Me rod one LAS Used co chkancthis sample becauwe tne 
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Lor Production Vink and ecoduction line B. TE Metned 2B was 


used, Hye sai al would be unimodal at either oC 
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(c) Which of the two sampling methods, Method 1 or Method 2, will result in less variability in the diameters of 
the 200 tortillas in the sample on a given day? Explain. 


MetYr>ocd 9 wa’ faui€ in \ess var ia@lbr\i 


p: WA Re ALamekees 
OW a 


iver dau, THiS 

IS because Method 2 Less One Roduction Vine with Wa 
ld Coduceion tae tat’ 

Standard deviakion of WER, nv Ne pERAES Chosen 


Method \ Wowever, tests both 
BPoducti on Wes whose VANances woud combine 


Of te B00 Forkilag ia Khe Saiple 


Method 22 SD= Stoniard deviakion of Produce ine @ 
Metnod | 3 Vac(A&+B)= Var & + WorR 
SUTAAB) % 78 
SUTAsB) = SOTA *S9D _ 
Sddap= Vso*sssv ea. 
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Each day, the distribution of the 200,000 tortillas made that day has mean diameter 6 inches with standard 
deviation 0.11 inch. 


' ~ 
(d) For samples of size 200 taken from one day’s production, describe the sampling distribution of the sample 
mean diameter for samples that are obtained using Method 1. 


Mean= G Sd=.\\ 


For sumele size @OO) re Meaty Aiewceer 1S Lye same MS 


fhe Repu lakiarn diameter O* mens G, The Standard | 


efcoct €quar Lo the pogulatin standard Aeviatton 


divided py VV mH ) wick +8 CWA *%O Yeo 
C Le \ 
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(e) Suppose that one of the two sampling methods will be selected and used every day for one year (365 days). 
The sample mean of the 200 diameters will be recorded each day. Which of the two methods will result in 
less variability in the distribution of the 365 sample means? Explain. 


each Pteduction line 
Method 9 because has & pope tere 101 Standard dewiation 


OF less than el _ hile the population Standard de viaticn 


of all 200 200 torenias 1S ell, 


(f) A government inspector will visit the facility on June 22 to observe the sampling and to determine if the 
factory is in compliance with the advertised mean diameter of 6 inches. The manager knows that, with both 
sampling methods, the sample mean is an unbiased estimator of the population mean. However, the manager 
is unsure which method is more likely to produce a sample mean that is close to 6 inches on the day of 
sampling. Based on your previous answers, which of the two sampling methods, Method 1 or.Method 2, is 
more likely to produce a sample mean close to 6 inches? Explain. 


« 


Meernod | is wore lircely fo produce a Sounple Mev) 
Close fo G inches becavse the Mean of method one 
Should be G white ime rod Q Shovid ProAuce Oo 
Mean Of either 5.9 of Gil aches, 
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Question 6 
Overview 


The primary goals of this question were to assess a student’s ability to (1) describe how sample data would 
differ using two different sampling methods; (2) describe the sampling distribution of the sample mean for 
two different sampling methods; and (3) choose the sampling method that will result in the best estimate 
of the population mean. 


Sample: 6A 
Score: 4 


In part (a) the response says no and justifies the choice by stating that “the sample will not be obtained from 
the entire population of tortillas, and the tortillas that are not sampled from will tend to have a different 
diameter,” satisfying the first component of section 1. In part (b) the response says Method 1 because “the 
histogram is bimodal,” satisfying the second component of section 1. In part (c) the response says Method 2 
because the sample is “from just one production line,” satisfying the third component of section 1. The 
picture in part (c), although not required, strengthens the explanation. Because the response satisfies all 
three components, section 1 was scored as essentially correct. In part (d) the response states that the 
sampling distribution will be “approximately normal,” satisfying the first component of section 2. The 
justification using the Central Limit Theorem is appropriate but not required. The response also correctly 
identifies the mean and standard deviation of the sampling distribution of the sample mean, satisfying the 
second and third components of section 2. The picture in part (d), although not required, is a nice way to 
summarize the response. Because the response satisfies all three components, section 2 was scored as 
essentially correct. In part (e) the response says Method 1 and correctly describes the sampling distribution 
of the sample mean for Method 2 as having some means close to 5.9 and other means close to 6.1, satisfying 
the first component of section 3. The picture in part (e), although not required, strengthens the already 
correct explanation. In part (f) the response says Method 1 because on a single day, “Method 2 is likely to 
produce a sample mean close to either 5.9 inches or 6.1 inches” while the average for Method 1 will be “very 
close to 6.0 inches.” Because the response satisfies both components, section 3 was scored as essentially 
correct. Because all three sections were scored as essentially correct, the response earned a score of 4. 


Sample: 6B 
Score: 3 


In part (a) the response says “Method 2 will not produce a sample that is representative of the population” 
because “only 1 of the 2 production lines is selected,” satisfying the first component of section 1. In part (b) 
the response says Method 1 because the histogram “displays 2 apparent peaks,” satisfying the second 
component of section 1. In part (c) the response says Method 2 because the sample comes from “only one of 
the production lines,” satisfying the third component of section 1. Because the response satisfies all three 
components, section 1 was scored as essentially correct. In part (d) the response correctly identifies the mean 
and standard deviation of the sampling distribution of the sample mean, satisfying the second and third 
components of section 2. The response also states that the sampling distribution “will be normally 
distributed,” satisfying the first component of section 2. It would have been better if the response said the 
distribution should be approximately normally distributed, but in the scope of a six-part investigative task, 
this was considered a minor error. Because the response satisfies all three components, section 2 was scored 
as essentially correct. In part (e) the response says Method 2, which is incorrect. It appears that the response 
is describing the distribution of sample data from Method 2, as in part (c), rather than the sampling 
distribution of the sample mean. In part (f) the response says Method 1 and argues that on a single day, 
Method 1 would produce a mean “at about 6 in.” while Method 2 would likely “provide a sample mean closer 
to 5.9 in. or to 6.1 in.,” satisfying the second component of section 3. Because the response satisfies only one 
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Question 6 (continued) 


of the two components, section 3 was scored as partially correct. Because two sections were scored as 
essentially correct, and one section was scored as partially correct, the response earned a score of 3. 


Sample: 6C 
Score: 2 


In part (a) the response says no and justifies the choice by stating that the tortillas “will only be 
representative of the population of tortillas at the production line that is picked,” satisfying the first 
component of section 1. Although not necessary, the response continues the justification by describing how 
the two lines are different. In part (b) the response says Method 1 because “the histogram is bimodal” and 
provides a second justification by describing how the histogram would look if Method 2 was used. Either of 
these justifications is sufficient, and the second component of section 1 is satisfied. In part (c) the response 
says Method 2 because it “tests one production line.” Although the response also includes an incorrect 


application of the formula for, + fo , this was not an essential part of the justification, and the third 


component is satisfied. Because the response satisfies all three components, section 1 was scored as 
essentially correct. In part (d) the response correctly identifies the values of the mean and standard deviation 
of the sampling distribution of the sample mean, satisfying the second and third components of section 2. 
However, the response does not state the shape of the sampling distribution, so the first component is not 
satisfied. Because the response satisfies only two of the three components, section 2 was scored as partially 
correct. In part (e) the response says Method 2, which is incorrect. In part (f) the response argues that on a 
single day, the mean using Method 1 will result in a “sample mean close to 6 inches” while “method 2 should 
produce a mean of either 5.9 or 6.1 inches.” Because there is no indication that the sample means will vary 
from the population means in Method 2, the response does not satisfy the second component. Because the 
response satisfies neither of the two components, section 3 was scored as incorrect. Because one section 
was scored as essentially correct, one section was scored as partially correct, and one section was scored 
as incorrect, the response earned a score of 2. 
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